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1 Introduction
A/N transmitted on PUCCH for CA has been discussed in the recent RAN1 meetings, and some agreements have been reached:

· Rel-10 design supports up to 5 DL CCs;

· Simultaneous A/N on PUCCH transmission from 1 UE on multiple UL CCs is not supported;

· A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N; 

· Maximum 10 A/N bits shall be supported(at least for FDD)
· FFS: 12 bits if DTX is explicitly indicated

· Optimization shall be for M to N bits where M<N<10

The following was proposed in [3] as a way forward which needs further discussion.
· In release 10, an enhanced ACK/NACK transmission scheme on PUCCH is also supported, at least for the case of >N bits ACK/NACK
· The exact scheme will be selected from one of the following

· Based on PUCCH format 2

· DFT-S-OFDM based

· Multi-sequence modulation

· 2xPUCCH in adjacent PRBs

· FFS: the exact number of N : N is one of {3,4,5,6}

Since the number of information bits for A/N feedback is small (less than or equal to 12 for a maximum of 5 CCs), short block codes are appropriate to provide forward error correction. In this contribution, the coding schemes are considered where the A/N information is transmitted using PUCCH format 2 or DFT-S-OFDM.
2 Transmission of A/N Information
The procedure for mapping joint A/N information states into codewords is shown in Figure 1 below.

[image: image1]
Figure 1    A/N information processing in the transmitter
In Figure 1, information vector 
[image: image2.wmf]u

 representing the A/N state is the input to the channel encoder with generator matrix 
[image: image3.wmf]G

. After block encoding, the code word 
[image: image4.wmf]v

 is generated as
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The vectors [
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,] are called basis sequence in [1].
The codewords then will be modulated by PUCCH format 2 or DFT-S-OFDM onto the resource allocated for the specific UE. 
The total number of joint A/N states for N component carriers depends on whether DTX is explicitly represented or implicitly represented [4]. Hence the total number of information bits to represent the joint A/N states is different for explicit DTX representation or implicit DTX representation. 

The number of component carriers scheduled dynamically changes according to the scheduling of eNB. It is difficult for a UE to know the number of scheduled component carriers without any ambiguity, considering the possibility that UE misses the detection of the PDCCH channel of some component carriers. Hence it is reasonable that the mapping scheme from joint A/N states to codewords is based on the number of configured component carriers but not scheduled component carriers. Therefore if a mother code is selected for N configured component carriers, the sub-code actually used for the specific set of M component carriers needs to be optimized as much as possible,  in the case M out of N component carriers are scheduled for downlink transmission, M<N.
3 Properties of the Block codes in Rel-8

A (20, A) code is defined for coding of UCI channel quality information in Rel-8 [2], with A(13. Additionally, a (32, O) code is defined for the CQI/PMI information in PUSCH as well, with O(11. Due to the need to accommodate varying size of CQI/PMI, the design of the block code is such that the minimum distance for (20, A) (or (32, O)) is maximized as much as possible for a wide range of A (or O). And this property is achieved by arranging the base sequences of the block codes carefully, so that for any value of A (or O), the code word set generated by the first A (or O) base sequences have the larger minimum distance than any other code word sets generated by other base sequence sets. In other words, better decoding performance is achieved by mapping the information vectors to the first base sequences.
Thus to better leverage the code property, it is desirable to progressively utilize the basis sequence of the block code starting with the lower indexed basis sequence. In other words, using the first k basis sequences in the generator matrix when the number of states to be represented is less than or equal to 2k. Compared to using basis sequences other than the k lowest, this is expected to consistently provide equivalent or better minimum distance property and thus better decoding performance.
4 Coding Schemes for Larger Number of A/N bits

· A/N bits of a CC are fixed. This is the case when implicit DTX is used. In the case of implicit DTX representation [2], for each component carrier with 2 transport blocks, there are 4 feedback states, (A, A), (A, N), (N, A), (N, N)/DTX.  Suppose 
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are two information bits representing ACK/NACK information of transport block 1 and 2 of component carrier (CC)
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. (A, A) of component carrier i is mapped into 
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=11, (A, N) is mapped into 
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=10, (N, A) is mapped into 
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=01, (N, N)/DTX is mapped into 
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=00. A total of 2(N information bits for N configured CCs in [2]. If M component carriers out of N configured CCs are scheduled, the 2(M bits corresponding to the M component carriers indicate the A/N feedbacks. The other bits corresponding to the non-scheduled CCs indicate are assigned 00 without distinguishing DTX or NACK. 

As a result, the position of the bits to indicate the A/N feedbacks of the scheduled CCs is determined by the indices of the scheduled CCs. Since the scheduling results vary with time, the position of the bits vary as well. 
This scheme can not exploit the block code performance as much as possible, given the properties of the block codes discussed in [2]: the selected bits of which position depend on the scheduler from subframe to subframe. In other words, the selected bits are of random position. Thus there is a need to modify the mapping scheme from A/N joint states to information bits (or the generation matrix of linear block code) to be adaptive to the CC scheduling.
Proposal: Some modifications to the existent block codes in [2] should be made to adjust to the features of the CC scheduling to achieve better coding performance. 
· A/N bits of a CC are not fixed. This applies to the explicit DTX design of [4]. Schemes that can exploit the properties of the block codes can be used to facilitate the explicit DTX representation, For example, the k bits corresponding to the A/N feedbacks of the scheduled CCs are always mapped to the k base sequences with the lowest index, the remaining bits indicating which CCs the k bits correspond to are mapped to the remaining base sequences. The remaining bits are known by both eNB and UE, so they don’t affect the code performance. The minimum distance of the code word set is determined by the k base sequences with the lowest index corresponding to the k ACK/NACK bits. Consequently, the minimum distance of the generated code word set is of the maximum value due to the property of the block codes. An example of the mapping scheme can be found in [4].
Further, this is especially useful when the number of scheduled CCs is smaller than the number of configured CCs due to slow higher layer signaling: the code word set corresponding to the A/N feedback of the scheduled CCs is always of the maximum minimum distance, and hence the better decoding performance.
Proposal: Schemes directly exploiting the properties of the existent block codes should be considered.
It is worth noting that the design issues discussed above is related to which basis sequences to select in the code generator. In other words, given the vectors Mi,j, one needs to use the optimal set of j. This affects the minimum distance of the sub-code actually used for a particular CC scenario. This aspect is in contrast to the channel interleaving design which essentially permutes the indices i within  all vectors Mi,j[5], and has no impact on the minimum distance of the code. In fact, combining both design aspects may provide the best performance for the ACK/NACK transmission.
5 Conclusion
This contribution discussed the A/N codebook design for a relatively large number of ACK/NACK bits. Two design options are discussed. It is proposed that:

Proposal: If the A/N bits of a component carrier are fixed, some modification to the existent block codes in [2] should be made to adjust to the features of the CC scheduling to achieve better coding performance. 
Proposal: If the A/N bits of a component carrier are not fixed, schemes that directly exploiting the properties of the existent block codes should be considered.
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